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(71) We, Corning Glass Works, a 
corporation orgamsed under the laws of the 
State of New York, United States of 
America, ol Corniiig, Neiw York, United 

5 Staites of America, do 'hereiby decdaTe the 
invenition. for whidi we pray tihat a patent 
may ;be granted to xis, and the method 
by which it is to 'be perionned, to be 
pairticulairly described in and by tlie fol- 

10 iowinjg statement: 

This invention relates to caU^lated glassy 
bodies. 

Foamed or oeUirlated glass 'bodies, that is. 
-inorganic heat-^resastant bodies expanded by 

15 (Che intemad develoipmemt of non-oonnecting 
gas-filled cells while the material is in a 
coalesced or fused state, are wdl known. 
SimilairJy foamed glass products, having 
densities of the order of 0.15 to 0.30 grams/ 

20 oc, have 'been in use for several years to 
provide buoyancy, li^t weight and thermal 
installation in conjimotion with resistance 
to heat and moisture ipeneitration. 
Such commercial products are ous-tomarily 

25 produced from premelted glass. In general, 
■the process involves premelfting a suitable 
glass composition, pulverising the admixture 
with chemically fcactable gas-producing 
agents suoh as a carbon reducing agent in 

30 conjunction with an oxidising agent deposit- 
ing a layer of the pulveris^ mkture in a 
closed pan, heating to a foaming tempera- 
ture of about 800 to 900°C (1470 to \65Q'F) 
md then annealing over a period of several 

35 hours. The products and processes of pro- 
duction are teohnioaily satisfactory, but 
high production costs have imposed a limit 
an areas of utility for tihese foamed glass 
products. Major economic factors are glass 

40 'batch cost, mould equipment, and separate 
melting, grindiai'g and foaming o(jer?.tions. 

lit has long been recognised that diiect 
foaming of ei-ther a natural raw ma'terial 
or waste slag ma.terial into large bodies 

45 should provide a distinct economic advant- 



age. Accordingly, -numerous methods of 
foaming molten slag materials 'have been 
proposed. However, these 'have not been 
commerciaMy adopted except in the .pro- 
duction of lighit weight aggregate, normally 50 
small peMets, for concrete mixtures. There 
appears to ibe a 'basic difficulty in obta-ining 
uniform and adequate cellulacioa of slag 
•material as it is obtained in the molten 
state. 55 

It has been proposed to directly loam 
either an unmelted glass 'batch or natural 
minerals since direct foaming would avcwd 
•the premelting step. In spite of the readily 
apparent economic advantage, these pro- 60 
posals have not been commercially adopted 
to make large 'bodies. It has proven difficult 
to uniformly oelMate an uamelted glass 
^batch due to the occurrence of batch re- 
actions and segregation during fhe foaming 65 
process. The use of natural minerals caoi 
obviate these problems but requires cellu- 
lating temperatures on the order of 200 to 
500''C. (300 to 900*^10 higher. At such tem- 
peratures, the can'bon reducing agents here- 70 
tofore convenitionally employed to foam 
premelted glass cannot provide adequate 
cellulation. The use of clays o-r shales a - 
'batch ingredients h<ave been proposed bu": 
aJso normally require high cedlulation tern- 73 
'peratuires. 

Due to the requirement of a reducin,? 
atmosphere, it is necessary in most case!? 
to contain the batch in a mould dudu" 
cellulation. The mould can be a metal mould 80 
for lower 'temperature glass sysitems but in 
the case of the higher oelluhftion tcmpera- 
tutres of clays or shales the batch is fed 
into ceramic moulds. The batch is tiien 
heated to the cellulation temperature and 85 
held thereat while the body expands. Th'S 
type of operation presents severa'l problems 
which arise from the fact that a ceram'c 
mould is normally required. These problems 
include feeding the match into a mould. 90 
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•removal of -the cellulated body from the 
mould, cleaning the mould, the fairly large 
capital investment in the moulds, their large 
mass and heat capacity and thei-r fragility. 

5 Thus, it has been shown to be highly 
desirable to produce cellulated glassy bodies 
without utilising a restraining mould to hold 
the batch materials and at a temperature 
where thin fidng platfonns can be used. 

10 We have inveu'ted a unique batch com- 
position which may be cellulated, at tem- 
peratures normally below those normally 
used in such processes, without restramt; 
and wherein the shape of the cellulated 

15 body maintains the configuration of the 
preformed batch material 

The invention provides a batch for mak- 
ing a cellulated glass body comprising, in 
weight percent on the anhydrous basis, at 

20 least 50% by weight of at least one rock 
which is volcanic ash. weathered volcanic 
ash, and/or clay, at least one alkali metal 
containing material in which so(^um hyd- 
roxide and/or sodium silicate constitutes 

25 at least 25% by weight of the total content 
of such alkali metal containing material and 
a celiulating agent which is carbon and/or 
a compound which thermally decomposes 
below the celiulating temperature and has 

30 carbon as decomposition product, the total 
rock, alkali metal containing material, and 
celiulating agent being at least 75% by weight 
of the anhydrous batch and the batch com- 
prising, in weiirht percent as calculated from 

35 the batch on the oxide basis. 10% to 20% 
total alkali metal oxide. SiO. and AI-A 
in the ratio of from 3:1 to 6:1. and a 
total content of alkali metal oxide, SiO^ 
and Al-A that is at least 93%. 

40 The alkali metal containing material is 
added as a *flux', that is a material which 
reacts with other batch materials at a tem- 
perature below that at which such other 
batch materials normally melt, thus lower- 

45 ing the batch melting temperature. Hence 
any reference to a flux refers to the alkali 
metal containing material. A rock, as used 
herein, as defined as a naturally occurring 
aggregate of minerals. Clays are preferred 

50 and the discussion hereinafter will refer 
specifically thereto, although the other rocks, 
volcanic ash and the weathered volcanic 
ash, can be functional equivalents^ of clay. 
The aforeraen'tioned batch ingredients are 

55 mixed and. when heated to temperatures as 
low as SOO'^C, will cellulate to form a 
light weight glassy body having a fine uni- 
form cell structure. The batch may be 
pressed or otherwise shaped into a desired 

60 c:>nfiguration and then fired on thin flat 
plates. During the cellulation. the body 
expands but m^''T7'tains the same confieura- 
tion as the rreformed batch material. 
The anhydrous batch contains at least 

65 50% by weieht of rock, preferably day. 



with additions of flux and celiulating agents. 
We have found that at least 25% of the 
total flux must be added to the batch as 
sodium hydroxide (NaOH) and/or sodiuin 
silicate (Na^iO,). Moreover, at least 80% 70 
by weight of the total flux is prefera/bly 
Na.O. The sodium hydroxide appears to -re- 
act' with the clay, to produce chemical 
comminution thereof, so as to yield more 
uniform cellulation and sodium sihcate or 
sodium alumino-silicate in situ. The aJkab 
silicate, added or formed in situ, provides 
a more rapid fluxing action. The celiulating 
agent is an organic material which will 
thermally decompose and yield carbon as 80 
one of the decomposition products. One of 
the preferred celiulating agents is sodimn 
acetate. The silica /alumina (SiOi/AlA) 
ratio, as calculated from the batch on die 
oxide basis, must fall within the ratio of 85 
3:1 to 6:1 with the total flux being be- 
tween 10% and 20%. Furthermore, im- 
purities such as CaO, MgO, BaO and FeA 
should not exceed 7% as calculated from the 
batch on the oxide basis. The aforementioned 90 
ratio is essential so as to provide a glassy 
matrix which will be within the proper 
viscosity range at low firing temperature so 
as to entrap the celiulating gas. 

The batch ingredients are finely ground 95 
and mixed so as to provide an intimate 
homogeneous admixture. The mixed batch 
is then pressed or otherwise shaped to the 
desired configuration. The shaped body is 
then fired on trelatively thin supporting 100 
plates which allow the body to be heated 
and expand uniformly. The body and sup- 
porting plate are then subjected to a cellu- 
lation firing and annealing schedule. This 
cellulation firing comprises a rapid heating 
to a temperature at which cellulation will 
occur but at which the supporting plates 
will not distort or otherwise deteriorate. 
The body is held at the cellulation tem- 
perature "for a length of time sufficient to 110 
achieve the minimum density attainable at 
that temperature without incurring bubble 
coalescence. Thereafter, the body is rapidly 
cooled to the annealing temperature and 
then slowly cooled to room temperature 115 
through an annealing schedule. The shape 
of the body will detennine whether or not 
it is to be fired on supporting plates. For 
example, the batch may be formed into 
pellets and the pellets may be free foamed 120 
in place but not necessarily on supporting 
plates. The foamed glassy pellet may be 
used as lipht weight aggregate for additions 
to concrete or other materials wherein it 
is desirable to reduce the bulk density of 125 
the material. The batch may also be pressed 
into a areen billet having a tile-like shape 
and then foamed, without restraint, to form 
a tile of the same configuration as the 
green billet. 130 
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The raw batch - matexM comprises rock, 
preferaibly clay, additive alkaJi metal oxide 
fluxes including NaOH and/or NaaSiO, and 
a ceJlulating agent. T-he combination of day. 

5 additive a'Ikali metal oxide fluxes and the 
cellulatimg agents comprise at least 75% 
by weight of the anhydrous batch with up 
to 25% of the baiiCh bs'ing added silica, 
alumina ond/or grog. The 'term- *grog' is 

10 defined as being waste fired batch material 
ftbat has been finely ground. If the silica 
exceeds the amount disclosed therein, the 
'batch is too viscous to allow proper foam- 
ing. If the batch is too high m alumina, the 

15 liquidus of the batch is too high to allow 
appropriate foaming; and if the alka'li metal 
oxide exceeds that disclosed, the batch is too 
fluid to allow proper foaming. Conversely, 
if the silica i'S below bhe minimum, the batch 

■20 is not sufficienly viscous; if the alimiina is 
below the minumim, the 'batch may be too 
fluid; and, if the aikaii metal oxide is 
below the minimum, the batch may be too 
viscous for proper ceMation. 

-25 The .batch ingredients are deteraiined on 
two bases: ithe first is the oxide basis as 
calculated frc»n .the batch and the second 
•is the anhydrous basis which ^represents the 
•raw batch ingrediients without added water. 

30 However, the clay may contain up to 15% 
adsorbed water in addition to any water of 
hydration. Adsorbed water is that water 
which can be removed from .the clay by 
heating ait a temperature between 110°C 

35 and 150'»C. The water of hydration can be 
removed by heating at 500 to 700*'C. 

One class of naturally cccurnW materials 
which contain two of the main ccimDonents, 
srl^ca and alumina, are clays. Gays are 

-40 plastic, earthy, fine-grained materials, pre- 
dominantly composed of clay minerails. Qay 
minerals aiie generally platy, hydrous alu- 
mmram silicates that can have appreciable 
quantities of iron, alkalies and alkaline 



earths. We have found 'that clays contann- 45 
ing suibstantial quantities of iiUte and/ or 
smectite minerads aire particulady desixable 
for foamiag. However, wie prefer to use 
clays containioig the following memibers of 
^he smectite group: montmorillonite, boi- 
dellite, and nontronite. In pairticuiair, days 
containkg montmorillonite are preferred. 
The minerals of the smectite group are 
preferred smce they have a high silica to 
aiumioa autio and can absorb into their 55 
sitructure certain orgaiMCS which can act 
as oellitoing agents. The theoretic;^ for- 
mula for smectite minerals is (OH)* 
SisMOaj-HoO while the theoretical compo- 
sition, in weight per cent, is 66.7% SiO.. 60 
28.3% AlA and 5% H,0. Various lattice 
substitutions occur which dhatraoterise the 
different mentbers of the smectite group. 
In montmodilonite. magnesium and sodium 
partially -replace aiuminium; in 'beidellite, 65 
aluminium and sodium partially replace 
silicon; and in nontronite, aJuminium and 
sodium paitially replace silicon while gron 
replaces aluminium. 

In addition to the clay minerals, the days 70 
also contain other minerals. We have deter- 
mined that the silica to alumina ratio of 
the batch should -be between about 3 : 1 and 
6:1. Thus, it is desirable to use clays con- 
taining clay minerals that have as 'high a 75 
silica to alumina ratio as possible. For 
example, in a bentonite clay, having as its 
predominaait clay mineral montmorillonflte. 
we have found a silica to alumina ratio of 
5:1. However, the mantmoriUonite has a 80 
ratio of 4:1. Thus, the remainig silica is 
obtained from other non-clay minerals such 
as oristobalite. Listed below in Table I are 
several clays which can be used, their major 
day m'inerals. the silica to alumina ratio 85 
and the day composition, which is on a 
weight percent basis. 
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^ finer the particle size or grain size of the 

g-j^ reaciants, the more uniform is tihe -resulting 

^riri ! ; foam struolurc. From this point of view, 10 

:§ bentonite clays containing substantial 

amounts of mGntmorillonite are high dcsi-r- 
able; since the graan size of tiie clay is 
O ^ normaJIy less than 5 microns. If other clays 

S< d d are selected with -the proper grain size but l> 

not .±e proper silica to alumina -ratio, the 
p. additive silica and/or alumuia should have 

V.TfvoooND a sufficiently sma.ll particle size to allow 

:^ ® -proper mixing. This would normally requfre 

a particle size of less than five microns. 
Similarly, if the other rocks are substituted 
O ^ P P ;P for clay, they must have a particle size less 

than 5 microns. In any case, the gram size 
of the clays or particle size of the rock, 
silica or alumina should 'be less than 5 25 
^SlS'^^j microns. 

^j*^^'^"" In a preferred embodiment, bentofnite 

clays having monimorillonite as the prinoiiJal 
clay mineral are the most desiratble since 
qt^v>rfcr>, jjjgy normally have the proper silica to 30 

i> - ^ alumina ratio and are extremely fine grained. 

Bentonite clays are readily available 
throughout the world with a principal de- 
Oinc>»op posits in the Wyoming-South Dakota area 

^:;5jq2S2; of the United States. Moreover, in a pa<r- 35 

^ ticular embodiment, we prefer that the clay. 

S preferaibly bentonite, comprise between 70% 

^ d S 2 5 S and 87% of the anhydrous batch 

•(^SvoPo Bentonite clays are the result of the 

weathering of volcanic ash. A most am- 40 
-portant distinction between volcanic ash and 
d ^bentonite is the grain size. The grain size 

^' of volcanic ash can be in excess of 5 

;:5j?5<J|^Ji microns. However, from a compositional 

§ point of view, bentonite clay and its pre- 45 

cursors are essentially the same. Therefore, 
g volcanic ash and the weathered inter- 

g mediates between volcanic ash and bentonite 

.^.g are functional equivalents of bentonite clays 

S § provided that their grain size is less than 50 

~" about 5 microns. 
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^ o o o oj.(jer to achieve the proper viscosity 

"If S-l for foaming, it is necessary to add a flux 

'3 o.^ § § to the clay. In other foaming systems, for 

■g S a example, MgO, CaO. and FeA are con- 55 

^ ^ sidered as fluxing agents; but at the low 

^ i2 a> o temperatures used in this process, only the 

•|^-|-| alkali meial oxides (R,0) are effective 

3>^oo fluxes. More specifically, we have found 

P,g;z g g that soda (Na-O) containing compounds are 60 

J2CQ.^:Paffl ,fjie best fluxes for clays, in the 800 to 

^ IP'S g « 950"C temperature range. We have found 

•l-g-H g that the total amount of flux should be b.> 

o £ S tween 10% and 20%. by weight on the 

>$S'^ o^idt basis as calculated from the batch. 65 

In these svstems, at least 80% of the total 

To those batches wherein the clay does flux should preferably be Na.O. with Li,0 

noi provide the desired silica to alumma k.,0 normally makine up the remaining 

raro finely-ground silica and/or alumina flux. Moreover, at least 25% of the total flux 

5 may* be added in sufficient amounts to mygt be Na^O which has been added as 70 

achieve the desired ratio. NaOH and/or Na,>SiO,. 
It is known that in foaming reactions the We have found that the sodium hydroxide 
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reacts -with.- die day so as to <miuce the 
grain size stiJl furiiher. -thereby assiiring 
even batter cdklatian and moire unifonn 
Teaction. It is -believed tiha-t the sodium 
3 "hydroxide reacts with the day miineral, par- 
ticularly montmoril'lonite. to form an amor- 
phous sodium-aiuminosilicate. The fusion 
oaoised by the alkai siJicaite reduces t^e 
minimum ceUulating temperature for the 

10 entire batch. In addition, the reaction be- 
tween the sodium hydroxide and clay at 
room temperature produces a cementitiaus 
reaction product, that is at least partly 
sodium silicate, which tends to strengthen 

15 the green 'body. Rather tihan using the 
sodium hydroxide which will form sodium 
silicate, a -sodium silicate sdutron may be 
introduced into -the batch. When only 25% 
by weight of the Na.O is added as NaOH 

30 and/oT Na,^i03, the balance of the added 
fl'ux may be in the form of another sodium 
salt such as sodium carbonate. We have 
found that either NaOH or Na^SiO, is 
necessary in order to produce an acceptabde 

25 foam. Other alkali-containing compounds 
may be suibstituted for the sodium salt but 
not for the NaOH or Na^SiO,. However, if, 
for example, lithium and/or potassium saits 
are used, -the total of the oxide theieof 

30 should not exceed about 20% of the 
total flux. Typically, the added fluxes may 
'be compofunded as follows: at least 25% 
by weight of tJie total flux being Na«0 added 
as NaOH and/or Na^SiOa with the lemain- 

35 mg added flux beiag added as 
Na^COa and up to 20% flux bem% 
added as LuCO,, K^CO,. LiOH or KOH. 

We prefer to use 'batches wherein tibe 
added flux containing materials are equal 

40 parts by weight NaOH and Na>CO,. In a 
particuiiar emibodiment, we prefer tfhat the 
total NaOH and Na-jCOg comprise 'between 
12% and 18% of tihe anhydrous batdi. 
We hmc found that, since the tempera- 

45 tures at which the batch fuses to the proper 
viscosity are relatively low, orgainic c&llu- 
lating a,gefnts can be used rather than the 
morgandc celluiating agents of the prior art. 
Other celMating gases may be available 

50 torn the clay. As <rhe batch is heated, the 
clay loses its adsorbed water and then its 
water of hydration; if the batch has fused 
so as to form a viscous glass before de- 
hydration is complete, the water of hydm- 

55 tion may form steam and contribute to the 
expansion of the glass. Thus, there can be 
two oelluJatine a-erents. One is the wa-^er of 
hydration avaTiable in the day, and the 
second is gases produced due to *he or^mnic 

W celluiating agent. We have found that the 
prefeired oi^ganic odlulating agents arc 
those compounds whioh will thermally de- 
compose, at a tem>perature below the de- 
sired cellukting temperature, leaving as one 

65 of the deoompo&ition products carbon which 



•may react to fom CO or CO3. The 00 or 
or CO. will] -then act as a celluiating gas. 
Cartbon in the form of canbon blade or 
graphite may be used. Howeveir. we prefier 
to use an organic compound or metal salt 70 
of an orga-ndc compound having carbon as 
a decomposition product. The weight of 
organic compound required is rdated to 
'theamount of free carbon produced in the 
deooniposition. For exam,ple, carbohydrates 75 
and compounds containing like amounts of 
oxygen cam form CO and H. on heating 
but httle, if any, crrbon is fonmed. Thus, 
sod:um oxalate will not work as a foaming 
agent since no carbon is produced, (see 80 
equation 1.) 

(1) Na,CO, — > Na,CO:: + CO 
However, sodium acetate works quite well 
(See equation 2.) 

(2) 2NaCH303 — > Na>CO, + CO + 2C 85 
+ 3H2 

ThiUs. it is seen that one^half the carlwn 
m sodium acetate Is theoretically availaWe 
for ceilulation. In order to achieve 
desired densities, the caribon available for 90 
oellulation shouM be between 0.1 and 1 0% 
by weight of the anhydrous 'batch. Theie- 
rore. m using an organic foaming agent, 
the amoiHiit required is calculated from the 
amount of carbon formed during .the Chenmal 95 
decomposition. For example, to have 0 15% 
free carbon in a batch would jwuire the 
addition of 1.0% sodium acetate. We have 
fooind sodium acetate to be particularly 

f^^''V".»,''"''^^L^^^^ ^•'^5% 100 
Lj5 /o of the anhydrous batch. Table II 

'below lists several operative and inoperra- 

tive organic compounds. 

Table II 



Inoperative 



Operative 



103 



1. Lignosulphonates 1. Sodium lauryj sul- 

- _ ptoate 

t If^u ^' Sodium oleate no 

3. Stanch 3. Sodium stearate 

4. (Juanidme hydro. 4. Sodium succinate 
chloride 

5. Hydrocarbons that 5. Sodium saMcylate 
vaporise or smblime , , 5 

6. Sodi um oxalate 6. Sodium -propionate 
/. Sodmm tartrate 7. Calcium acetate 

jr . 8. Ferrous acetate 

It there is an excess of the caiHuIatintj 
agent present, it is difficult to control the nn 
reaction, while if there is an msufflcient 
amount present, the desired density caTuiot 
'be obtained. In genera;], it seems that the 
celluiating agent is elTeotive in producing a 
minimum density under a given set of owh 125 
ddtions, but only up to a maximum ooor 
centration of that celluiating agent; above 
tihe maximum concentration thereof, there 
appears to ^be no benefit in furtha: increase 
in the concentration of the foaming agent 130 
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A batch consisting of 100% of the afare- 
mentioned raw batch ingredieDte my 
used and foamed to provide the desired 
product. However, it may be desirable to 

5 add to the batch a small amount of grog. 
Grog is fired batch material which has 
been reground to a granula-r form. The ad- 
dition of this grog aids in producing a 
crack-free body. The amount of ^g whjch 
10 may be introduced is .related to the density 
which is desired. For a given set of con- 
ditions, larger additions of grog will gener- 
ally increase the resultant density. In our 
process, wherein it is desired to P^uce 
15 products of density on the ^^^^ 9^ 0.4 
grams/cc. additions of more than 25% oy 
weight grog are undesirable. 

The clay, flux and cellulating a^nt are 
mixed and ground together in a ballnuU 

20 so as to obtain a fine, intnnately mixed 
particulate batch. The materials are ground 
for whatever length of time is necessa^ to 
assure proper sizing and mixing. We have 
found that ballmilling is the best technique 

25 for obtaining the desired intimate, homo- 
geneous and uniform batch. Normally, the 
finer the particle size better; however, 
^etrc are apparatus limitations which limit 
the minimum p^icle size which can ^ 

30 obtained. Most often the batch will be 
pressed, in a standard ceramic press, so as 
to form a tile or other similar body. If 
simple rectangular shapes are desired, the 
powder, as milled, can be pressed How- 

35 ever, in order to form a complicated shape 
by pressing, it is necessary to foam the 
batch into granules. The mixed batch is 
first compacted by passing it through rollers 
and thereafter ^ulated so as to provide 

40 a more workable batch material. The size of 
the granules should be such that they will 
pass throng a 14 mesh U.S. Standard Sieve 
screen but not thrmigh a 100 mesh screen. 
The granulated batch may then be moistened 

45 by a fine water spray. The weight of the 
added water can be up to 7% of the weight 
of the anhydrous batch; in other words, the 
weight of the anhydrous batch plus the 
added water can 'be up to 107% of the 

50 anhydrons batch. The water is added prim- 
arily to provide green strength for the body 
when it is formed. The granulated batch is 
then formed into the desired configuration. 
Moreover, with the further addition of still 

55 more water, up to a total of 15% by 
wei^'t, the batch may be extruded, pellet- 
ised or shaped to configurations other than 
those available through pressing. 
Since the batch is preformed to the dc- 

60 sired configuration and expands in order to 
accommodate the expansion of the gas in the 
body, the body is fired without restraint. 
Normally, the larger tile-like bodies are 
supported during firing on a heat-resistant 

65 pwfoiated metal sheet, which has been 



ooaited. wth a material which aUows the 
body to expand without its sticking to die 
metal sheet. We have also found that thin 
glass-ceramic sheets of low thermal exj^- 
sion, 0.060 inch thick, may be used. Th& 
sheet is normally very thin so that the heat 
transfer characteristics thereof aire quite uni- 
form. As the body is fired and the ceUular 
structure forms, the body expands and is 
able to expand in all directions since it will 75 
not stick or adhere to the sheert. The pre- 
ferred firing schedule is a rapid heating to 
the cellulating temperature and a hold 
thereat for a length of time sufiBcient to 
achieve the minimum denshy. After ceUu- 
lation. the body is then cooled through an 
annealing schedule so as to avoid cracking 
and 'the build-up of internal stresses in the 
body. From a general point of view, we 
have found that the idealised schedule is « 
applicable for most pressed bodies and pel- 
lets. With all other factors remaining con- 
stant, we have found that, in order to 
achieve the desired densities, a foaming _ 
temperature between 800 to 950°C (1560 90 
to 1740''F) is necessary. The minimum tem- 
perature is related to the formation of the 
glass and entrapment of the gas. The maxi- 
mum temperature is related to the distor- 
tion of the support plates. The length of 95 
time at firing temperatures between 800 and 
950X can vary between 2 and 15 minutes, 
depending upon section size and firing tem- 
perature. However, if it were not essential to 
use thin support plates and the uniformity IQO 
of the cellular structure were not critical, 
then temperatures in excess of 950*'C 
(1740°F) could be used for foaming. For 
example, pellets could be expanded on cera- 
mic or heavy metal substrates at tempera- 105 
tures in excess of 950'C (1740*F). A typical 
firing schedule for a pressed body having 
a maximum cross-sectional thickness of 
approximately 3/4" would be to heat the 
'body to 900°C at a rate faster than 90°C/ 110 
minute: hold at 900**C for 10 minutes; and 
then cool to room temperature in approxi- 
mately 40 minutes. The fired 'body has a 
same configuration as the preformed un- 
fired body, and has undergone a linear ex- 115 
pansion of 45%. 0±er schedules can be 
developed for bodies of various sizes and 
configurtions. 

The unique features of the fired product 
aire that it is strong, light weight, inexpen- 120 
sive to produce, has an extremely uniform 
cell size and distribution thereof, has a 
closed cell structure and maintains the 
configuration of the pressed body. Normally, 
the cells are of a generally spherical shape 125 
with few, if any, cells being larger than 
aproximately IJ" diameter, this is highly 
advantageous since, if the sphere size is in- 
creased or the sphericity decreasese, thin 
spots in the walls can be created, which 130 
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, .wea'ken the body as well as reduciirg tihe 
desired impe'imeability to moisture. Due to 
an almost total loss of foamiag agent at . the 
soHface of the -body, the surface thereof is 
5 somewhat denser than tiie mterior parlion-. 
The density of the resultant product is nor- 
mally less than 0.5 gnams/oc. when the 
body is fired ajt temperatures less than 
950 °C. However, with changes in the firing 
U) schedule and changes in the baitch compo- 
sition, densities as low as 0.15 grams /cc or 
as high as 0.65 grams/oc can also be pro- 
duced. The volume thenmal coefficient of 
expansion of the resuitaaiit bodies is on dio 
15 Older of 80 to 90 X lO-'/'^C. Since the 
body is a foamed glassy body with rcsidual 
undissolved compounds, a reproducible exact 
expansion is difficult to obtain and thus the 
coefficients of expansion aire averages there- 
to of. The glassy pofrtion of the celMated body 
is basically an alkali alummosilicate having 
minor amounts of the alkaline earth metal 
oxides therein. The rainge of glass compo- 
sitions is set forth in weight per cent on 
25 ithe oxide basis as calculated from the batch 
below: 

(1) total SiOa 'between 50 and 80%, 

(2) total AlA between 10 and 25%. 

(3) total R2O between 10 and 20% with 
30 NajO between 8 and 20%, 

(4) total impuritdes between 0 and 7%, 

(5) SiOa and AlA in Ihe ratio of bstwem 
3:1 and 6:1. 

The modulus of rupture (MOR) for 
:35 bodies having a density of the order of 0.65 
grams/oc is of the order of 550 psi; while, 
when the density is 0.15 grams /cc. the MOR 
is of the order of 150 psi. The gas content 
of 'the cells was analysed and determined 
•40 to 'be primarily CO. N3 and H2O. Tlie 
glassy portion of the oeMated body is a 
partially melted glass containing minor 
amounts of non-^assy phases including 
alpha quartz, cristobalite and plagicwlase 
•45 fddspar. 

^ Batches which are prepaied within the 
limits set forth aibove, by the selection of 
various combinations of the clays, fluxes 
and oellulating agents as set forth herein, 
'50 can be treated according to the methods and 
firmg schedules sot forth so as to produce 
accept^le cellulated bodies. Therefore, the 
following examples are set faith as illus- 
trative of 'the product and process and not 
.55 as specific limitations thereon. 
Example 2 

A batch to be foamed was prepared from 
'the following batdh ingredients: 
(1) 83 pounds of an air float«i Gonzailes 
'60 bentonite day, having as its prindpai 
clay mineral raontmoriUQnite. and an 
approximate oxide composition in weig-ht 
percent as follows: 77% SiO., 16.0% 
AlA. 0.8% Na.O. 0.5% KA 1.3% 
« CaO, 3.0% MgO and 1.4% FeA. This 



clay also contained about 10% adsorbed 
water and 6% water of hydration, 

(2) 8 pounds anhydrous gramdar sodium 
hydroxide; 

(3) 8 pounds anhydrous granular sodium 70 
carbonate; and 

(4) 1 pound anhydrous powdered sodium 
actetatc. 

The above ingredients were mixed and 
then ballmilled for two hours to ensure 75 
adequate mixing. The mixed batch was 
then blended with 25 pounds of —14 mesh 
grog and 6 pounds of water was added, by 
spraying to cause some granulation. 

The granulated batch was fed into a 80 
mould and pressed at 5000 psi to form a 
green body V' x V' X 4". The bar was 
•then placed in a furnace at 900°C for 15 
minutes to foam. The ceMated bar was 
removed, placed in another fuioiaoe and slow 85 
cooled to room tem^peratusre. The foamed 
'body was of the same configuration as ihe 
green body and had dimensions of 11/16" 
X 3/4" X 5 5/8". This -body had a uni- 
form oeliular structure and a density of 90 
0.30 grams/cc. 

Several 'bodies were prepared as in 
Exanple 1, but without grog, and fired at 
'the temperatures shown. The tx)dies ail 
foamed and yielded the densities shown- 95 
'below. 

Example Firing Temperature* ° a Density 

gramslcc 

2 800 0.60 

3 850 0.40 100 

4 875 0.30 

5 900 0.26 
^ 925 0.25 

^ 7 950 0.22 

Example 8 

A batch was prepared wherein the flux 
addition was ooaipletoly sodium hydroxide, 
so that the total sodium hydroxide additdon 
to the batch of Example 1 was 14 pounds. 
The batch was treated and the -body \ras 1 10 
■fired as m Example 1. The resultant product 
was a uniformly oeMulated 'body having a 
density of 0.30 gjams/cc. 

Other 'bodies haviaig the batch composi- 
ton of Example 8. but without grog, were 115 
nred at 'the temperatures of Examples 2 to 
7 inclusive. The resu-Itant densities were 
essentiaJly identical. 
Example 9 

A batdi was prepared in a manner 120 
similar to that of Example 1. except that 
batch ingredients were as follows: 

70.7 -pounds Gonzales bentonite, 
8 pounds sodium carbonate, 
1 pound sodium acetate. i25 
Those ingredienls were ballmilled for two 
hours and then 39.6 pounds of a 15% 
Na2O/30% SiOi sodium silicate sdution 
yvzs unaformly dispersed in the milled batch. 
The batch was then pressed and fired as in 130 
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Example 1. The resultant body was a tini- 
formly cellulated ^body havmg a density 
of 0.30 graras/oc. 
Other bodies having the batch oomposi- 
5 tion of Example 8, but witihout grog, were 
fired at the temperatures of Examples 2 to 
7 inclusive. The ressiltanf densities were 
essentially identical. 

10 Example 10 . . i i 

A batch was prepared as m Example 1, 
except that die amount of sodium carbonate 
was reduced to 4.25 pounds. This reduced 
the total flux kcm 12.8% to 10.4^.. This 

13 reduction in flux increased the AIA to 17%. 
This new hatch was prepared, pressed and 
fired at 900X as in Example I, but with- 
out grog. The resultajit body was uniformly 
cellulated and had a densRy of 0.45 grams/ 

20 cc. , 
Three additional bodies were prepared 
as in Example 10 and were fired at the 
(the temperatures shown below with the re- 
sultant densities as shown : 

25 Example Firm Temperature ""C. Density 

gramsjcc 

11 875 0.65 

12 925 0.35 

13 950 0.30 
30 Example 14 ^ , , 

A batch was prepared as in Example 1, 
except that the total flux was increased by 
increasing the amount of sodium carbonate 
to 12.6 pounds and the sodium hydroxide 

33 to 9.15 pounds. This increased the total 
alkali medal oxide flux to 19% and reduced 
the AIA to 13%. The batch was then 
mixed, pressed and fired at 900°C. This 
firing produced a body having a density of 

40 0.25 grams/oc. 

Th-rw additional bodies were prepared as 
in Example 14. fired at the temperatures 
shown Mow and produced the densities 
shown Wow: 

45 Example Firing Temperature ""C. Density 

gramsjcc 

15 800 0.45 

16 850 0.35 

17 870 0.30 
50 Example 18 

A batch was prepared as in Example 1, 
without grog and with the acetate being 
increased to 2%. The batch' was then pressed 
and filed at 900°C. The resultant body had 

55 a density of 0.23 grams /cc. 

Several other bodies having the same 
composition as Example 18 were fired at 
different temperatures as shown below: 
Example Firing Temperature °C. Density 

$0 gramsjcc 

19 875 0.23 

20 925 0.25 
Several samples were prepaied as in 

Example 1, except that carbon black fas 
65 available from the Cabot Corp.) was substi- 



tuted for sodium acetate, as the foaming 
agent. The following table shows the effect 
on density of increasing amounts of carbon 

black. , Trv 

Example Per cent Carbon Black Density 

gramsjcc 
0.1 0.45 



21 
22 
23 
24 
25 
26 



0.2 
0.3 
0.4 
0.6 
1.0 



0.30 
0.25 

0.23 7i 
0.22 
0.22 



In the following group of examples, other 
organics were substituted for the sodium 
acetate of Example 1. otherwise all con- 8li 
ditions were the same. 
Exmnple Compound Pounds Density 

gramsjcc 

11 sodium oleate 0.4 0.34 

28 sodiiim succinate 2.0 0.30 85 

29 malonic acid 0.8 0.35 
Example 30 

A volcanic ash of approximately the fol- 
lowing composition: 73% SiOi. 14.3% 
AIA 3% Na-A 4% KA 1% FeA 90 
1% MgO. 0.5% CaO, having a moisture 
content of 0.5%, a loss on ignition of 3% 
and a grain size of 3 microns was milled 
for 4 hours witii anhydrous NaOH and 
anhydrous sodium acetate. The milled hatch 95' 
consist^ of 87 pounds volcanic as'h, 11.8 
pounds NaOH, and 1.2 pounds sodium 
acetate. This mixture was pressed into a 
bar and fired for 15 minutes at 900*'C The 
resultant body was cellulated and had a 1^ 
desnsity of 0.30 grams/cc. 

WHAT WE CLAIM IS: 

1. A batcii for making a cellulated glass 
body comprising, in wei^t percent on the 
anhydrous basis, at least 50% -by weight 103^ 
of at least one fock which is volcaaiic ash, 
weathered volcanic ash, and /or day, at 
least one alkali metal containing material 

in which sodium hydroxide and/or sodium 
silicate constitutes at least 25% by weight HO 
of the total content of such alkali metal 
containing material, and a cellulating agent 
which is carrbon and /or a compound which 
thermally decomposes below the cdlulating 
temperature and has carbon as a decern- 115 
position product, the total rock, aHkali 
metal containing material, and cellulating 
agent 'being at least 75?^ by wei^t of the 
anhydrous batch and the batch comprising, 
in weight percent as calculated from the 120 
batch on the oxide basis. 10% to 20% 
total alkali metal oxide. SiO^ and AIA 
in the ratio of from 3:1 to 6:1, and a 
total content of alkali metal oxide, SiO.. 
and AIA that is at least 93%. 125 

2. A batch as claimed in claim 1 
wherein the rode is a clay oontainijig^ a 
substantial quantity of illite or smectite 
mineral. 

3. A batch as claimed in claim 2 130 
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wharejn the day cantaks monlmorillonite 
as the smectite material. 

4. A batch as claimed in claim 1 
wherein the rode is a bentonite clay. 
5 5. A batch as claimed in aiay of claims 
1 to 4 wherein the average grain size of 
the weathered volcanic ash or clay is below 
5 microns. 

6. A batch as clauned in any of claims 
10 1 to 5 wherein up to 20% by weight of the 

total alkali metal oxide i? LijO and/ or K^O. 

7. A batch as claimed in any of claims 
1 to 6 wherein the carbon provided by ^e 
cellailatiflg agent comprisese 0.1 to 1.0% 

15 by weight of the anhydrous batch. 

8. A batch as claimed in any of claims 
1 to 7 wherein grog (as herein defined) 
com'prises up to 25% by weight of the 
anhydrous batch. 

20 9. A baitch as claimed in claim 1 wherein 
bentonite clay comprises 70% to 87?i by 
weight of the anhydrous batch, the alkali 
metal oxide containing materials are sodium 
hydroxide and sodium cairbonate in equal 

25 parts by weight and comprise 12% to 18% 
by weight <rf the anhydrous batch, and the 
cellulating agent is sodium acetate which 
comprisese 0.75 to 1.25% by weight of 
fche anhydrous batch. 

30 10. A batch as claimed m claim 1 sub- 
stantially as herein d^cribed with reference 



to the Examples. 

11. A ceMulated glass body when pre- 
paired from a batch as claimed m any of 
claims 1 to 10. 35 

12. A method for producmg a celiuiaited 
gla£"S "body comprising the steps of miximg 
a batch as claimed in any of olahns 1 to 
IG, shaping said batch to. form an article 

of the desired configuration, and fiiring the 40 
s-haped body at a temperature above 800°C 
foiT a iength of time sufiBcient to produce 
a ibody saving a density 'between 0.15 ajnd 
^^65 grams/cc. 

13. A method as claimed in claim 12 45 
whereijT the firing temperature is above 
800X but not aibove 950°C. 

14. A method as claimed in claim 13 
wherein the firing time is between 2 and 15 
minutes. 50 

15. A method as claimed in. claim 12 
s-aibs-tantiaMy as herein described with refer- 
ence to the Examples. 

16. A celluiated glass body when pre- 
^ZTtd by a method as claimed in anv of 55 
ckjar.: 12 to 15. 
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